Phillips curves are generally estimated under the assumption of linearity and parameter constancy. The conventional Phillips curve argues that there is a trade-o¤ or negative relationship between unemployment and in ‡ation or wage in ‡ation. According to Lucas's critique of econometrics' empirics, however, there is no parameter stability in the forward-looking economic behaviour model of economic agents. Since the rational expectation theory revolution linear models of in ‡ation have been criticised for their poor forecasting performance. Bai and Perron (1998) , proposed the methodology which allows for an unknown number of breaks at unknown dates as a response to the mentioned problem. The purpose of this paper 
INTRODUCTION
The empirical studies on the Phillips curve analyzing the relationship of unemployment rates to the in ‡ation rate are the results of the search for a tool for forecasting in ‡ation and implementing monetary policy. The conventional Phillips curve argues that there is a trade-o¤ or negative relationship between unemployment and in ‡ation (Dornbusch, et al., 2005) . Started as the result of an empirical investigation of UK wage behaviour by Phillips (1958) , it was extended and given a theoretical interpretation by Lipsey (1960) , and was applied to the US and set in a policy context by Samuelson and Solow, 1960 P. A. Samuelson and R.M. Solow, Analytical aspects of anti-in ‡ation policy, American Economic Review, Papers and Proceedings 50 (1960), pp. 177-194.Samuelson and Solow (1960) , o¤ering policymakers a menu of choice between in ‡ation and unemployment. The original version of the Phillips curve was criticised by Friedman (1968) and Phelps, 1968 E.S. Phelps, Money-wage dynamics and labor-market equilibrium, Journal of Political Economy 76 (1968 ), pp. 678-711. Full Text via CrossRefPhelps (1968 for not considering the role of in ‡ation expectations. Once these expectations were allowed for, Friedman and Phelps argued that there was no permanent trade-o¤ between in ‡ation and unemployment in the long run, although there could be short run transitory trade-o¤ referred to cyclical ‡uctuation in economic activity. Besides, Phillips curves are generally estimated under the assumption of linearity and parameter constancy. But according to Lucas's (1976) critique of econometrics' empirics, there is no parameter stability in the forward-looking economic behaviour model of economic agents. Lucas postulated that changes in the behaviour of policymakers, through their e¤ect on the agents' expecta-Page:67 tions, might cause the estimated parameters from macro-econometric models also to change, so that inferences based on those parameters would be invalid. The above criticism was eventually assumed, so that the original Phillips curve was "augmented" to include expected in ‡ation as an additional variable. The instability of the estimated Phillips curves in the presence of a structural break (following either exogenous shocks or changes in policy regimes) would mean an important obstacle for their use as a policy tool. Hence, the global consensus is in testing the empirics of the augmented Phillips curve to follow a study of structural break or regime shift mechanism. Relatively recent papers on Phillips curve and its structural break was done by Demers (2003) and Nell (2006) . Frédérick Demers (2003) in his paper investigates the linearity and constancy assumptions of a standard reduced-form Phillips curve for Canada using two di¤erent techniques: the methodology proposed by Bai and Perron (1998) , which allows for an unknown number of breaks at unknown dates, and a three-regimes Markov-switching regression model. Demers in this paper strongly reject the linearity and parameter constancy assumptions. The author …nds that the output -in ‡ation relationship does not hold under the current monetary policy of in ‡ation targeting, with its low and stable in ‡ation targeting. Nell (2006) has re-established an important link between in ‡ation and aggregate demand over three decades of data for the South African economy. The main …ndings, in this paper show that once the Phillips curve model is modi…ed for supply shocks and structural changes in the balanceof-payments and labour market, it accurately predicts South Africa's actual in ‡ation experience from 1971(Q1) until 2001(Q2). There are a very few number of papers relating to the issue of the Phillips curve and how it applies to Croatian economy. Šergo and Tomµ ciae (2003) Bai and Perron (1998; 2003a; 2003b) was applied in order to test for parameter stability which allows for an unknown number of breaks at unknown dates. Several additional structural break procedures to test the stability of the Phillips curve were applied. These testing were done using Croatia as a case study. Given that the taken data was at the monthly frequencies level, the data is transformed into a quarter series by means of calculation of a tri-monthly arithmetic mean in a successive way. Wage in ‡ation rate wt is de…ned as the log di¤erence (multiplied by 100) of the nominal wages with respect to the previous quarter. Similarly, price in ‡ation rate pct is the log di¤erence (multiplied by 100) of the retail consumer price index (RCPI). A historical plot of key macro-economic variables used in this estimation is presented in Figure 1 Page:71 of 1%, but the amplitudes in movement in this case change fastest. Following the 1.5% fall in the in ‡ation rate at the beginning of the observation period in 1994, the in ‡ation oscillated in a relatively narrow variation range of less than 1% upwards or downwards between the second and the third quarter. Thus the highest degree of volatility of this time series, the proof for it being the highest variation coe¢ cient despite the lowest rate of standard deviation. The greatest contribution to the deceleration of the consumer prices' annual growth in the …rst two quarters of the year 2010 was provided by the reduction of the annual rates of price changes of processed and unprocessed foodstu¤, as well as the services price. Growth of consumer prices in ‡ation, in turn, was caused by the growth of energy prices (petrolium products and gas) and the Croatian kuna (HRK) depreciation against the American dollar (USA $) (Croatian National Bank Bulletin, 2010) . Figure 2 illustrates the movement of nominal wages'in ‡ation rate. As opposed to the retail price in ‡ation, the nominal wage in ‡ation rate, due to the inherent principle of movement rigidity of real wages downwards, more seldom can be found in the segment of negative growth rates. Following the initial shock of nominal wages growth in the 4th quarter of 1994, which lasts only a short time, until the 1st quarter of 1995, the nominal wage in ‡ation rate falls and then oscillates both in maximal and minimal range, between 12.35 -(-1.54) (see Table  2 ). It is obvious that the syndicate negotiation power stands as the originator of such movements, as the function of syndical action utility is directed to the maintenance of workers'standard of living. Due to this, however, the wages are not ‡exible downwards, so there is no possibility for the labour market to clear and reduce unemployment. A short episode of extreme growth/fall of nominal wages at the beginning of the story includes the introduction of the Croatian kuna (HRK) following the demolition of in ‡ation in November of 1993, but also a strong government which, during the summer of 1995 recruits a great part of the labour force and, due to a lower labour demand in the 3rd quarter of 1995, nominal wages fall. It is evident that in the movement of nominal wages in ‡ation there is less ‡uctuation than in the price in ‡ation. The proof for this is a lower variation coe¢ cient in the case of the 1st variable. of wages and the rigidity of the labour supply condition a small probability of disin ‡ational movements when it comes to it. We, notice, however, a rare shock -a shock of nominal wages reduction during the summer of 1995, but also in the last two years. Although due to the use of seasonally unadjusted data this cannot be seen from Figure 2 , the salary adjustment by recession conditions in the Croatian economy after the year 2008 is still in progress, so a mild trend of wage reduction can be noticed as from the year 2008. At …rst glance, it appears that there were very strong variations in the quarterly unemployment rates during the long term, however, within a short period, due to characteristic labour market ine¢ ciency and wage rigidity, greater unemployment perseverance during shorter periods occurs. The high unemployment rate perseverance during time dynamics is a well known phenomenon called "hystereses". Thus the variable coe¢ cient, by which we compare the volatility degree between our time series, is the smallest in the case of unemployment. This is reason why the unemployment rate curve does not resemble the earlier growth rate curves, which, in fact, illustrate sinuous movement. For detailed analysis of the labour market in Croatia, see Šergo, Poropat, Grµ zinić (2009) .
The distinction between unit root and stationary processes has become a dominant topic in time-series econometrics and a central issue in empirical macroeconomics. The unit root hypothesis has far-reaching implications with regard both to economic theory and the interpretation of empirical evidence (Culver $ Papel, 1997) . Considerable evidence exists that the nominal wage, and price indexes are I (1) while the unemployment rate is usually I (0). But, those variables are in levels.
In specifying an empirical model which we will discuss in the next chapter, we di¤erentiate the equations to ensure stationarity in all the variables. We are going to verify the hypothesis about the absent unit root in our time series. 
MODEL SPECIFICATION
In his original contribution, Phillips (1958) assumed that the rate of change of nominal wages depended on (a) the unemployment rate, which would be a proxy of excess demand in the labour market; (b) the change in unemployment, which would re ‡ect cyclical factors and (c) the rate of change of retail prices, operating through exogenous shocks, i.e., change in import prices that are large enough to disturb the equilibrium wage/price relationship [see the discussion in Desai, 1984 
where is the anticipated steady-state rate of in ‡ation and is the autoregressive coe¢ cient for price in ‡ation. The in ‡ation expectation term is an exogenous variable in expectations augmented version of Phillips'wage equation. Hence, we consider the following model where we write in a log-linear form, wt = 0 + 1E( pctjIt-1) 2 ut 3ut 1 + t,
where w is the log of nominal wages, pc is the log of consumer prices, u the unemployment rate, and is a white noise error term. The 's are assumed to be positive/negative parameters according to the regression equation mathematical expectations operator, and I is the information set of wage-setters. Alogoskou…s and Smith (1991) [2] show that the following AR(1) process for rational expectation of price in ‡ation given according to (1) can be substituted as a second regressor in (2). In that way we can get a suitable time series model for a parameter's stability structural change testing: wt = *0 + 1 pct 1 2 ut 3ut 1 + t,
where *0 = 0+ 1 (1-) . Thus we have a system of two equations (1) and (3). Coe¢ cient 3 represents the responsiveness of the rate of change of wage rates to the lagged unemployment rate and thus characterises wage ‡exibility. Although nominal wages are present on the left-hand side, the coe¢ cient 3 measures real wage ‡exibility since price in ‡ation with 1 is present on the right-hand side. The remaining part of nominal wage growth (e.g. due to productivity growth or by more e¢ cient union activity) is captured by the constant term, change in unemployment rate (or economic activity) captured by 2. The error term is assumed to be normal and independently distributed.
METHODOLOGY AND EMPIRICAL RESULTS
Results of data analysis showed that there is evidence of structural change in our speci…ed model (3), so a natural strategy was to …nd a model that incorporates the changes. (Bai and Perron, 1998) and (Bai and Perron, 2003a ) consider a linear model with m multiple structural changes (i.e., m + 1 regimes). Because the number of breakpoints m is not known in advance, we will compute the optimal breakpoints for m = 0, 1, . . . breaks and choose the model that minimizes the Bayesian Information Criteria (or BIC as an acronym in proceeding text). The Bai and Perron tests are based upon an information criterion in the context of a sequential procedure, and allow one to …nd the number of breaks implied by the data, as well as estimating the timing and the con…dence intervals of the breaks, and the parameters of the processes between breaks. In this paper, we apply the Bai and Perron (1998) test to see whether there are any statistically signi…cant breaks in the speci…ed model (3) and it is this methodology that is repeated here and displayed in Table 4 . So, in terms of structural changes we need to decide how many break points to choose. This is done graphically where the plot of the residual sum of squares (RSS) and the 'BIC'information criterion show that 1 break is appropriate in the case of "BIC" but not in the case of "RSS". Although the BIC drops clearly up to m = 1 break, the RSS is minimal for m = 0 breaks. The structural change tests clearly showed that the model parameters are not stable. Notwithstanding, we proceed with conjecture that there is some evidence of one break date which split the basic regression into two segments. We use the model with m = 1 break which occurred very probably at 1999Q2 (see Figure 4 ). In order to enhance our aforementioned …ndings that unique break date occurs exclusively in 1999Q2 we have done some additional structural change testing. We included more of the OLS-based CUSUM tests and the test based on F statistics of no structural break in time dynamics. Page:78
The residual-based ‡uctuation tests or the OLS-based CUSUM test is applied to the model (3) and the result underlines a strong probability that structural shift in our regression exists. 
OLS-based CUSUM test

FIGURE 5 OLS-based CUSUM test of no structural break in time dynamics
Note: x-axis: Time data (1994Q2-2010Q2) in quarterly frequencies Source: Own calculations Figure 5 shows that CUSUM processes did give evidence of signi…cant ‡uctua-tion; thus, that test is able to detect structural changes in the regression model 3. The OLS-based CUSUM structural change test, by default considering the maximum absolute deviation of the empirical ‡uctuation process from zero and, given that it is signi…cant at the default 5% level, signals that the model parameters are not stable throughout the entire sample period. In addition to the excessive ‡uctuation (conveyed by the boundary crossing), it can be seen from the peak in the process that an abrupt change seems to have taken place in about 1999Q2, matching very well the timing of the …rst deep recession shock after the post-war recovery in Croatia's economy. The SupF(i+1|I) test is a test for i+1 breaks against the null of i breaks. The sequential test selects the number of breaks stepwise from zero breaks using Figure 6 , revealing one sharp peak in 1999Q2. Both the boundary crossing and the tiny p value show that there is signi…cant departure from the null hypothesis F statistics test of structural stability. FIGURE 6 SupF test of no structural break in time dynamics Note: x-axis: Time data (1994Q2-2010Q2) in quarterly frequencies Source: Own calculations After allowing for one break, the SupF test cannot reject one break in favour of two or two breaks in favour of three at the 1% signi…cance level. The sequential test using the results of the SupF test therefore …nds one break in the regression model (3) and the OLS -based CUSUM test (see Figure 5) 
RESULTS OF REGRESSION ANALYSIS
The coe¢ cient estimates for the augmented version of Phillips wage curve for Croatia from 1994Q2 ending in 2010Q2 are reported in column A of Table 6 . The estimated coe¢ cients have the anticipated signs but only 2 which stands before unemployment …rst di¤erence is signi…cantly di¤erent from zero at the 0.05 probability level. Hence, the change in unemployment rate on a quarterly basis, which re ‡ects short-run cyclical factors, is linked to nominal wage change. If the lagged economic activity increases in terms of decreasing unemployment rates, then in ‡ation of nominal wages occur. The coe¢ cients for two time segmented regression with related statistics are given in Table 6 as column B and C respectively. The di¤erence in all coef…cients and particularly signs before price in ‡ation change in two regressions re ‡ecting that the period after the …rst half of 1999 (by the way this was the …rst recession year till 2009 in Croatia's economy) is di¤erent from the previous observations. The result of the regression B, which covers the period between 1994Q2 and 1999Q2 increases the statistical signi…cance of the di¤erence of the null hypothesis which measures the di¤erence of the lagged unemployment rate. On the other hand, no parameter of the regression C, which covers the period between 1999Q3 and 2010Q2, is no longer signi…cant and a very low coe¢ cient Page:81 of determination R 2 , which provides a measure of how well future outcomes of nominal wage change are likely to be predicted by the anticipated model, o¤ers very little hope in relation to the model representative quality. The coe¢ cient which measures real wage ‡exibility in regard to lagged unemployment rate has in the second regression B a wrong sign. The highest t-value which measures signi…cance in regard to real wage ‡exibility to the change of lagged economic activity is reached in the second period. However, as a conclusion, the thesis that the estimated parameters according to the regression C do not provide a statistically convincing framework of undertaking of adequate economic politics measures for prevention of increasing unemployment in the Republic of Croatia. This brief pessimistic abstract is all the more pessimistic since it is a result of implementation of segmentary regressions which were a fruit of rigorous testing of the dynamics of structural breaks. Following Lucas'destructive criticism about the inability of the Phillips curve deep parameters to maintain stability due to continuous shocks from the complex macro-environment and rational adjustments of agents, thus the uselessness of the econometric exercise, which might result in macro-economic management in the selection of the combination of a desired in ‡ation rate and unemployment rate, the researches of the Phillips curve problem are focused on examination of structural breaks in regression. An exchange-rate peg is a very dangerous strategy for controlling in ‡ation in Croatia in the long run, there is no doubt. Same economic experts in Croatia advocate that the monetary politics should allow depreciation of Croatian kuna exchange rate (HRK). Instead of pegging the kuna exchange rate against value of euro (with very narrow up and down deviations), the Croatia's Central Bank should introduce in ‡ation targeting (for broader information, see: weekly news Globus, No. 1043, 12/3/2010). The moderate in ‡ation rate as a legitimate economic aim could spill bene…ts in …ghting against high unemployment rate. Consequently, this would result in mild in ‡ation targeting growth around 10% at annually basis and would be a bene…cial remedy for unemployment reduction. Our paper demonstrated that the causes of unemployment in Croatia occurred due to structural reasons, and not due to low in ‡ation rate. The anti-in ‡ation shock from November 1993 and the price stability obtained after that might have initiated the causes of very high and permanent unemployment rate. But, the Phillips curve, analysed in this paper, today is no longer valid. Thus, in ‡ation targeting as a monetary policy goal, in the light of our research, is questionable macro-management. Conducting a multiple testing of the hypotheses on possible breaks in the basic regression equation during the second quarter of the year 1999 and (this was a recession year and the fall of real GDP equalled approximately 1.98%), had no e¤ect on the parameter signi…cance tests because they were not su¢ ciently high in order to reject the null hypothesis of some parameters in the third segmentary regression (it encompasses the period of between 1999Q3 and 2010Q2). Although the negative trade-o¤ between the changes in unemployment rate, which re ‡ect short-run cyclical factors and a nominal wage change had existed prior, it seems that such an important stylised fact relationship was lost after 1999Q2.
